Abstract:
Introduction
During the last decade, agriculture has emerged as a top priority on Africa's development agenda. Governments, the private sector, civil society and development partners have joined their efforts to promote a sustainable productivity revolution in Africa's agriculture. Examples include the Comprehensive Africa Agriculture Program (CAADP), the Alliance for a Green Revolution (AGRA) and GrowAfrica. Even though there is some new scope for large-scale farming, especially in the land abundant countries on the continent (Deininger & Byerlee, 2012) , smallholder farming systems will have to play the key role for agricultural development in Africa (Birner & Resnick, 2010; World Bank, 2007; Davis et al., 2017) . Almost 70% of the farms in Sub-Saharan Africa operate less than two hectares (Deininger & Byerlee, 2011: 28) and they typically do not realize more than 25% of their potential yields (Deininger & Byerlee, 2011: xxxviii) . Substantial efforts have been made to close this yield gap, but in recent years, there has been an increasing recognition that it also important to increase the labor productivity in African agriculture in order to reduce poverty (Diao et al., 2018) . In most countries of Africa, population density is relatively low, and the theory of induced innovation would predict that mechanization should play an important role in the early phases of agricultural development (cf. Hayami & Ruttan, 1985) . Yet African farming systems remain the least mechanized of all continents (Pingali, 2007 (Pingali, : 2784 Sheahan and Barrett, 2017) .
There were substantial efforts to promote mechanization in Africa's agriculture in the 1960s and 1970s, but these efforts were state-led and they largely failed (Pingali, 2007 (Pingali, : 2787 . This negative experience led to a subsequent neglect of agricultural mechanization in development efforts, except for some efforts to introduce animal traction. Likewise, research on the mechanization of smallholder farming systems in Africa became a rather neglected field in the 1990s and 2000s (Diao et al., 2012) . Research conducted in the 1990s had shown that machinery has an important role to play in improving farmers' crop management practices, especially by allowing for better tillage, weed control and moisture management (Anderson & Dillon, 1992: 78; Byerlee & Husain, 1993) . The institutional dimension of mechanization had always remained a neglected field of research, in spite of overwhelming historical evidence that institutions such as rental markets and cooperative exchange have played a key role in the history of the countries that are now industrialized. As shown by Olmstead & Rhode (1995) for the case of the USA, such institutions were essential to facilitate the access of smallholder farmers to mechanization.
Following the food price crisis of 2008, there has been a renewed emphasis on agricultural development as a top priority in Africa's development agenda. This new interest in agriculture has also revived the interest in agricultural mechanization (FAO & UNIDO, 2008; Kienzle, Ashburner, & Sims, 2013; Mrema, Baker, & Kahan, 2008) . Governments in several African countries subsidize the provision of tractor services, often by importing tractors that are then provided at subsidized prices to private sector operators who are expected to provide tractor services to smallholder farmers. A study of such a subsidy scheme in Ghana found that it was not a viable business model for private tractor service providers, in spite of substantial subsidies provided by the government to private operators (Houssou et al., 2013) . There is evidence that the often neglected governance challenges of mechanization contribute to the failure of such government-sponsored programs (Daum and Birner, 2017) .
Against this background, the question arises as to whether private sector models that do not rely on government support are economically more promising and suitable to benefit smallholder farmers. Based on field observations in Ghana and a review of the international experience, Diao et al. (2014) hypothesized that private sector models have more potential than those that involve state interventions. Many services and inputs for smallholders, such as agricultural extension, require public sector involvement due to market failures (Feder, Birner, & Anderson, 2011) . In contrast, considering that agricultural machinery is a pure private good in which innovations are embodied, machinery services offers specific opportunities for the private sector. However, since tractors are indivisible (unlike other inputs such as seeds and fertilizer), business models such as hire markets are required for smallholders to benefit from mechanization. In recent years, major international agricultural machinery companies, such as AGCO and John Deere, have recognized the new business opportunities in smallholder agriculture in Africa, and they have started to invest in developing their own business models to access this market. There is limited evidence in the literature on the opportunities and limitations of such purely private-sector driven options. Expectedly, civil society organizations are highly skeptical of such initiatives. One reason is a general skepticism that multi-national agribusiness companies may take advantage of smallholder farmers (see, e.g., Martínez-Torres and Rosset, 2010) . Another reason is the fear that mechanization may lead to rural unemployment. Such concerns are not new. As Juma shows in his book on "Innovation and Its Enemies" (Juma, 2016) , farm mechanization has been one of the most controversial of all agricultural innovations -not only in contemporary times, but also historically.
Research-based evidence would, thus, be important to better understand the potentials and challenges of private-sector led mechanization in Africa for smallholder farmers. Yet, there is a lack of evidence on this topic. In a recent review of micro-economic data on agricultural inputs in six African countries, Sheahan and Barrett (2017: 17) found that rental arrangements for the hiring of machinery might be more common than previously assumed, but there is limited evidence on the topic, so that these authors conclude: "Overall, ownership of agricultural machinery remains rare among African farmers but much remains to be learned about rental and sharing arrangements that might enhance access for those who do not own equipment …".
The goal of this paper is to contribute to filling this knowledge gap by presenting a case study of a private-sector led smallholder mechanization initiative in Zambia. We analyze an initiative where the company John Deere, the largest manufacturer of agricultural machinery worldwide, worked with its dealership AFGRI, a business enterprise based in South Africa, to develop business models that allow smallholder farmers to access tractor services. The approach is to support "emerging farmers", that is medium-size farmers who own between approximately 10 and 200 hectares and can afford to purchase a tractor. The main form of support is facilitating the financing of the tractor, either through a loan provided by AFGRI or by facilitating the linkage with a private bank, using the tractor as collateral. The medium-size farmers who participate in this initiative are encouraged to use the tractor not only on their own land, but also to provide tractor services to smallholder farmers on a contract basis. John Deere's dealer AFGRI provides after sales services such as maintenance services, spare part supply and repairs. AFGRI also has the capacity to provide other value chain services, such as input supply and marketing of farmers' produce. This initiative of John Deere and AFGRI involved a partnership with two non-governmental organizations, MUSIKA -an NGO focused on linking smallholders with business enterprises, and the Conservation Farming Unit (CFU) -an NGO focused on promoting conservation agriculture. At the current stage, the smallholder farmers mostly use tractor services to mechanize the most labor-intensive activity in crop production, which is ploughing. Alternatively, if farmers practice conservation agriculture, they use tractor services for ripping. The tractors are often also used for a labor-intensive post-harvest activity: maize shelling. Other steps in crop production, such as weeding, pest control and harvesting continue to rely on hand labor or animal traction.
The overall objective of this study was to assess the economic and social impact of providing tractor services on smallholder farmers and to calculate the effect on total labor requirements, taking into account that farmers may expand crop production when they access tractor services. Since a randomized control trial approach was not feasible, we used Propensity Score Matching (PSM) to assess the effects of accessing tractor services on smallholder farms. We also conducted model calculations of tractor service provision from the tractor owner's perspective to assess whether this model can, in principle, be viable, but his was not the main focus (and results are not reported in this paper). In view of the criticism of private-sector led mechanization initiatives mentioned above, our main goal was to establish whether smallholder farmers can benefit from such services and whether the model will potentially increase rural unemployment. We recognize that analyzing the economics of tractor service provision is an important task, especially given the findings of Houssou et al., 2013 , quoted above. Therefore, an in-depth study on this topic is currently being conducted, after the study presented here has documented that the model has potentially large benefits for smallholders.
Background information
With an average population density of 22 inhabitants per km 2 , it is one of the most sparsely populated countries in Sub-Saharan Africa.
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Agriculture supports the livelihoods of 60 to 70% of the population (Tembo & Sitko, 2013: 2) . On the average, Zambian farmers own 3.2 hectares (ha) of land (Tembo & Sitko, 2013: 20) , but due to labor and other constraints, they usually do not cultivate all their land. 75% of rural farm households cultivate on the average 2.5 hectares of land. Poor households cultivate only 2.2 ha, whereas non-poor households cultivate almost 4 ha (Tembo & Sitko, 2013: 35) . Overall, agriculture is dominated by smallholder farmers as 95% of the farms cultivate less than 5 ha (Sitko & Jayne, 2014: 194) . However, during the past decade, there has been a rapid increase in the number of medium-scale farmers who cultivate between 5 and 20 ha of land. They are referred to in Zambia as ''emergent farms.'' A recent study found that "between 2001 and 2011 the population of emergent farmer households in Zambia grew by 62.2%, vastly outstripping the 33.5% growth rate of the total smallholder population." (Sitko & Jayne, 2014: 194) .
So far, the access to agricultural machinery such as tractors and processing machines is very low. According to a nationally representative survey conducted by IAPRI in 2015, only 1.8% of all households used mechanical power in their farm operations (Table 1) . On the average, 36.5% use animal traction. The underutilization of the country's agricultural potential results in widespread poverty among the rural population. 78% of the rural households live below the poverty rate of 1.25 USD per day, and for female-headed households, the rate is almost 85% (IAPRI, 2015: 114-115) . According to IFPRI's Global Hunger Index, Zambia's level of hunger is classified as "alarming" and the country ranks 115 out of 119 (IFPRI, 2017: 13).
As in other African countries, there has been an increasing interest in agricultural mechanization in Zambia in recent years. In 2011, the Ministry of Agriculture and Livestock started a Tractor Mechanization Fund in collaboration with the FAO and the Zambian National Farmers Union (ZFNU).
Methods
According to current standards of program evaluation, a randomized control trial would be the preferred approach to assess the impact of the scheme on smallholders. Since the JD Initiative was not implemented in such way, a Propensity Score Matching (PSM) approach was used to assess the impact of participation in the Initiative on the income and the use of the income by smallholder farmers (cf. Khandker, Koolwal, & Samad, 2010; Caliendo & Kopeinig, 2008) . In addition, qualitative information was collected, as well. Consequently, the research design for the study was based on the following combination of methods: (1) semi-structured interviews with representatives of the organizations involved in the Initiative; (2) in-depth interviews with a sample of farmers who had purchased a tractor; (3) a survey among a sample of farm households that receive and did not receive tractor services; and (4) focus group interviews in selected communities, where smallholders had used tractor services provided under the Initiative.
Sampling strategy and data collection
The following sampling strategy was applied: The tractor owners were randomly sampled from the six (out of the eight) Zambian provinces, where the Initiative was implemented. A total of 21 tractor owners were interviewed, the number per province was proportional to the total number of farmers who had participated in the Initiative. The interviews with the selected tractor owners revealed that 12 out of the 21 selected tractor owners provided services to smallholders. The smallholders for the household survey were selected as follows: In each location, eight farmers were selected who received services from a tractor owner who had participated in the JD Initiative. They are referred to as "participants" here. For the control group, five farmers who do not receive services were randomly selected from the same locations. The five households from the control group could use mechanization services offer by other service providers, but this was rarely the case. As the control households are located within the service area of the emerging farmers, they are potentially affected by the mechanization scheme in an indirect way (spill-over). To assess this effect, three additional control group households from a close-by community were selected, as well. In total, 121 households that use tractor services under the Initiative ("participants") and 129 households that do not use tractor services were included in the household survey. The survey was conducted by the research team in face-to-face interviews with the farmers using hand-held computer devices.
To better understand social dynamics within households and communities, the team also used qualitative methods, especially focus group interviews in which participatory impact diagrams were constructed (see Kariuki & Njuki, 2013) . 13 focus group discussions were held with men and 12 groups with women. For reasons of scope, detailed findings from the focus group discussions are not reported here, but the findings are used in the interpretation of the survey findings.
Analysis
To assess the impact of the mechanization scheme on farm household income and food consumption, a Propensity Score Matching (PSM) approach was used (cf. Khandker, Koolwal, & Samad, 2010; Caliendo & Kopeinig, 2008) . The main impact measure of interest, the average treatment effect on the treated (ATTJ), is estimated according to:
where y1j is the value of the outcome of farm household j after benefiting from the John Deere (hereafter JD) tractor service provider and yoj is the outcome of the same farm household j if the household did not benefit from the JD Initiative.
The underlying estimation problem of equation 1 can be represented as a treatment-effects model of the form: 
where JDMechj* is a latent unobserved variable whose counterpart, JDMechj , is observed in dichotomous form only; JDMechj = 1 represents a user (i.e. a farmer who decides to hire services) of JD tractor service provider (that is, treatment) and JDMechj = 0 represents nonuser of the facility (that is control); x j is the vector variable determining the outcome of the JD Initiative, w j is the vector variable determining the probability of being a user of the JD mechanization facility which includes the list of explanatory variables given in Table 1 below; αj and τt respectively captures the individual and time-specific effects; β and γ are the vectors of parameters measuring the relationships between the dependent and independent variables; ε and u are the random components of the respective equations. The functional form (F) may take the form of a normal, logistic or probability function.
A two-stage weighted estimation approach was used. In stage one, equation 3 is estimated using a probit model to obtain the propensity scores, which are then used as weights in a second stage estimation of equation 2, based on matched treatment and control observations identified in stage one. Of the 4 matching algorithms commonly proposed in literature (see Caliendo & Kopeinig (2008) , for a detailed overview), the variant of radius matching (Dehejia & Wahba, 2002) was applied for the second stage estimation. This method has an advantage of using only as many units as are available within a caliper (c), allowing for more matching options, hence improving matching quality (Caliendo & Kopeinig, 2008) . Rosenbaum & Rubin (1985) recommends caliper (c) used to be one-fourth the share of the standard deviation (s.d) of the probability model of the propensity score (c = 0.25*s.d).
The matching procedure must be able to balance the distribution of the relevant variables in both control and treatment groups. Rosenbaum & Rubin (1985) suggest looking at the standardized bias (SB) before and after matching. A bias reduction below 3% or 5% after matching is considered acceptable (Caliendo & Kopeinig, 2008) .
In calculating the treatment effects and their standard errors, the bootstrapping method (with 500 replications) was employed, as used in most of the literature. The ATT of participating in the JD Initiative is defined by the use of a John Deere tractor at least for land preparation. The ATTs of the program were obtained by estimating the models using data from the sample described above, which included 121 tractor service users and 129 households who do not use these services. The data refer to the 2014 -2015 cropping season. The outcome variables and the explanatory variables used for the assessment are shown in Table 1 . Total number of cattle owned by farmer before mechanization scheme. Weighted using Tropical Livestock Unit conversion factors (see Jahnke, 1983) Farmer willingness to invest Percentage of an amount of money that a farmer is willing to invest in any venture of choice considering potential losses and gains
Results
The first subsection of this section presents descriptive statistics, comparing the treatment and the control group. Since this comparison does not control for a possible sample selection bias, the findings of sub-section 4.1 should be seen as background information for the PSM analysis, which is presented in sub-section 4.2. See Table 1 for an explanation of the variables. Table 3 shows that the farmers who receive mechanization services cultivate almost the entire arable land that they own, whereas the farmers in the control group cultivate only 60%. Moreover, the participants are able to start land preparation much earlier than the control group. The amount of fertilizer that the participants use is almost 40% higher than that of the control group. The share of farmers who apply herbicides is 63% among the participants as compared to 24% in the control group. The data also show that the participants achieve maize yields that are 24% higher than those of the control group. This is likely to be the combined result of better soil preparation, more timely planting, higher fertilizer use and better weed control. As shown in Table 4 , farmers who use mechanization services had a significantly higher total farm income than the control group, whereas the difference in income per hectare was not significant. This finding suggests that the main income effect from accessing tractor services may be due to the increase in cultivated land area, which is made possible by mechanizing soil preparation. The finding from recall questions posed to the treatment group (not reported here) suggest that they were indeed able to increase the cultivated land area. Farm households that use tractor services spend, on the average, slightly less on health expenditure, but the difference was not statistically significant. However, service users had significantly higher expenditures on education and food. Based on the survey data, a food diversity score was calculated, which is an indicator of nutritional quality. More diverse diets provide more micro-nutrients, which is important to combat "hidden hunger." The findings indicate that households that access mechanization services do not consume a significantly more diverse diet than the control group. This finding suggests that the additional income that the participants earn is mostly spent on food staple crops. Nutrition education may be required to encourage households to invest their additional income in increased diet diversity. Table 5 reports differences regarding labor hours between households that access tractor services and those that do not. As indicated above, the differences do not show causal effects, but they give important clues. Interpreting the figures, one needs to keep in mind that the participating households cultivate on the average 76% more land (see Table 3 ) than the nonparticipating households. As indicated above, the only two activities for which tractor services are used are land preparation and processing (i.e. maize shelling). Expectedly, the participating households use significantly less labor for land preparation and significantly more labor for harvesting. The table suggests that access to tractor services reduces the labor burden for family labor, including the labor burden of children and women, while it increases the opportunities for hired labor during the harvesting season as a consequence of the expansion in cultivated area. 
Descriptive results

Results of the Propensity Score Matching (PSM) analysis
The first step in the PSM analysis is the construction of a probit regression model, which identifies the factors that are significantly associated with the decision of a farm household to access tractor services. The results displayed in Table 6 , which indicates that better educated farmers and farmers who are members in social, religious and political groups are more likely to access tractor services. Farmers who owned more livestock (an indicator of wealth) before the start of the mechanization scheme were more likely to use tractor services, but the magnitude of this effect was negligible. Table 1 for an explanation of these variables Note: *Statistical significance at the 10% level, ** at the 5% level Using a probit model, the balancing scores for each pairwise comparison of service users with their matching counterfactuals were estimated. The model was used to predict the probability of opting for using tractor services. The model's predictive power can generally be judged to be high and the variables show the expected signs. Figure 1 below displays the distribution of the propensity scores and the overlap between the groups. For this pairwise comparison, the figure also shows the cases that were dropped from the analysis in order to avoid bad matches. 3 out of the 121 treated assignments had to be excluded from the analysis. For the matched sample, the bootstrapping method was applied with 500 repetitions to estimate the standard errors and hence check for distinct variations. Table 7 reports the estimates of the ATT. It indicates that using tractor services has a significant positive effect on the on-farm income of the entire household and on the on-farm income per household member. This effect is not only significant, but also large. The difference in household income of approx. 10,000 ZMK per year indicates that the use of tractor services allowed smallholder farmers to more than double their income.
The ATT for yield was also significant, which confirms a causal effect of using tractor services on yield. The magnitude of the effect (approx. 0.4 Mt/ha) was also substantial, which supports the findings above on yield effects. However, higher yields did not result in a higher income per hectare, because the treatment effect was not significant for the parameter "on-farm income per hectare". The reason could be that the yield increase was not sufficient to cover the increased costs per hectare arising from using more inputs. This finding confirms the results reported above, which suggest that the main causal impact of accessing mechanization services is allowing smallholders to cultivate a larger share of the land that they own.
The PSM analysis also shows that the increased expenditure in education and food found in the descriptive statistics can be attributed the use of tractor services. The households did not significantly change their expenditure on alcohol or tobacco, which indicates that the farmers used their additional income for the benefit of their families. The findings also indicate the increased income from accessing tractor services allows farm families to skip fewer meals. However, the findings also show that they do not diversify their diets. Note: *Statistical significance at the 10% level, ** at the 5% level, *** at the 1% level
As indicated above, the survey also included recall data from respondents on selected outcome variables, which include changes in input use, yield and livestock that occurred after accessing mechanization services. For these variables, a double difference ATT technique was used to estimate the differences in mean outcomes for these variables. The only significant effect was identified for the use of fertilizer. The ATT analysis also confirmed that the farmers who use mechanization services did not purchase additional land; they rather expanded cultivation on the land they already owned.
The results of quality assessment of matching show that a very good matching quality was attained. The standardized bias was reduced from 16.3% before matching to 1.06% after matching; a bias reduction of approximately 93.5%. A residual mean bias of 3.7% is within the range of 3-5%, which is suggested in Caliendo & Kopeinig (2008) as an acceptable threshold for remaining bias after matching. The low remaining SB and the high reduction rate of mean SB proves a good balancing power and hence, good matching results.
Discussion
As indicated above, this study aimed to assess the impact of the JD Initiative, as an example of a private-sector business model, on smallholder farmers. In view of the criticism of such initiatives by NGOs, special attention was paid to a range of potential effects, including income, nutrition, child labor and the potential displacement of labor. As a general disclaimer to the following discussion, one needs to take into account that the study was based on a PSM analysis of cross-sectional data and not on a randomized control trial, which has become the "gold standard" in impact evaluation. We still believe that the results are interesting, considering that empirical studies that deal with pure private-sector initiatives are scarce. We hope that the findings encourage additional studies, including those that are based on randomized control trials.
Income effects
One of the most important findings of this study is the evidence that, on the average, the smallholders who used tractor services were able to double their income because they were able to cultivate a much larger share of the land that they owned. The Focus Group Discussions largely confirmed this finding. According the results of this study, accessing mechanization services also increased labor productivity quite substantially. This is, of course, an expected benefit, but nevertheless important, considering the concerns about low labor productivity in African agriculture mentioned in the introduction.
The potential of the JD Initiative is particularly promising if one takes the number of smallholders into account that can potentially benefit from one single tractor. One tractor owner who was included in this study served more than 150 smallholders, indicating that, under the conditions in which the JD Initiative was implemented, facilitating access to one single tractor can potentially help to double the income of approx. 150 smallholder farmers. However, this potential was not fully utilized. Altogether, the 21 emerging farmers included into the sample served 693 smallholders, which corresponds to an average of 33 smallholders per tractor. This result indicates the need to conduct more research on the factors that can increase the incentives of tractor owners to provide services to smallholder farmers.
Social benefits for participating households
The study provides strong evidence that the smallholder farmers who accessed tractor services were able to use their increased income to achieve social benefits. Accessing mechanization services enabled them to spend more on the education of their children and on improving their food security. Their expenses for food were higher and they were less likely to skip meals, which is an important finding considering the high levels of undernutrition in Zambia reported in Section 2. It is also worth noting that the participating households did not increase the consumption of alcohol or tobacco. The qualitative findings from the Focus Group Discussions indicate that some smallholders were able to invest their income into off-farm businesses, such as trading livestock or running grocery stores.
Use of farm inputs and land productivity
The findings suggest that the participating farmers purchased more farm inputs, in particular, fertilizer. The use of tractor services was also found to be associated with an increased use of herbicides. Partly, this may be due to the fact that CFU promoted herbicide use in connection with the introduction of conservation farming. Another reason could be labor shortages during the weeding time that were due to the increase in the area under cultivation. It was beyond the scope of this study to assess to what extent herbicides were used appropriately and safely by the smallholders. This issue may be an issue to be considered in the up-scaling of the JD Initiative.
The study provides evidence that the smallholders were able to increase their yields, possibly due to the combined effects of better and more timely land preparation and increased use of fertilizer and herbicides. The effect was quite remarkable: According to the PSM analysis this effect was in the range of 0.5 Mt per ha, which corresponds to a yield increase of approximately 25%. However, the results indicate that the smallholders who use mechanization services were not able to achieve a higher income per hectare. This finding suggests that farmers may benefit from extension services to use their inputs more effectively. As an indication, farmers who use mechanization services apply almost double the amount of fertilizer as compared to the control group. Considering the high yield gaps that characterize African agriculture, doubling the fertilizer use should make it possible to achieve yield increases above the 25% that the farmers realized. This finding reflects a general concern about low yield response rates to fertilizer in Zambia and other African countries, which has been extensively discussed in the literature (see Chapoto, Chabala & Lungu, 2016, for Zambia and Rashid, 2013 , for a general review).
Expansion of the cultivated area
The study provides strong evidence that the major mechanism behind the remarkable income increase among the smallholder farmers was the expansion of the land area that they cultivate.
In the locations where the evaluation was conducted, smallholders typically own, according to the survey results, between 6 and 7 ha of land. There were no statistically significant differences in land size owned between the farmers who accessed tractor services and the control group. The findings indicate that due to labor constraints, farmers without access to tractor services are not able to cultivate the entire land that they own.
The finding that the income effect was mostly achieved by land expansion has important implications for the up-scaling of the JD Initiative. In general, land is not scarce in Zambia, as has been pointed out in Section 2. In view of the debate about large-scale land acquisitions and "land grabbing", it is important to note that access to mechanization services allows smallholders to make better use of Zambia's underutilized land resources so that this potential is not only left to large-scale investors.
However, one also needs to take into account that not all smallholders can easily expand the land that they cultivate. If they are not able or willing to resettle, they need land resources that are located sufficiently close to the villages in which they are residing. In a recent nationally representative survey, more than 54% of the rural population said that there is no more additional land available to them, despite the existence of underutilized arable land in Zambia (Chisinga & Chopoto, 2015: 36) . In the areas where the study was conducted, land availability
did not yet seem to be a main constraint yet. The reason may well be that service provision was directed towards locations where land availability for smallholders is still relatively high. These insights suggest that going forward, the mechanization initiatives should not only focus on the expansion of land, but also on increasing the profitability of the land that is already cultivated. This is also important in view of growing concerns that the expansion of land cultivation in Savanna regions can have negative environmental and climate effects (Ceballos et al., 2010) .
Use of intra-household and hired labor
Two types of concerns regarding labor use are associated with mechanization, one referring to the intra-household division of labor and one referring to hired labor. The first concern stems from the fact that, initially, only very labor-intensive farming activities, such as ploughing which are mostly carried out by men, are mechanized, whereas other activities, which are mostly carried out by women and children, such as weeding, are not mechanized. If households expand the area cultivated, this may well result in an increase of the burden of labor for women and children. The evidence provided by the study suggests that this was not the case (Table 5) .
To the contrary, households with access to tractor services used on the average significantly less household labor from men, women and children than households without access to tractor services. Two factors may account for this result. One factor may be the increased use of herbicides, which reduced the labor requirements for weeding. The other factor may be the use of hired labor for harvesting, as further discussed below. It appears that the increased income achieved by mechanization allowed farm households with access to mechanization services to hire more labor for the non-mechanized activities.
The findings presented in Table 5 indicate that mechanization did not reduce the demand for hired labor: To the contrary, the results suggest that the demand for hired labor increased for two reasons. One reason is the expansion of the cultivated area, which increases the labor demand for all activities that are not mechanized. The second effect is a shift from family labor to the use of hired labor, which may be due to the income effect of mechanization. This finding indicates that mechanization increases the demand for hired labor under conditions where land expansion is possible. The historical experience analyzed by Binswanger (1986: 33) is well in line with this finding.
The findings from the Focus Group Interviews suggest, however, that the shift in the timing of the labor demand may involve problems. Smallholder farmers who work as laborers used to purchase inputs for their own farm with the money they earned at the time of land preparation. If they work for farmers who use tractor services for land preparation, they now borrow money from those farmers to purchase their inputs and pay it back in form of labor provided for crop husbandry and harvesting. This shift has introduced a new type of dependency of agricultural laborers, a finding that may require further investigation.
Concluding remarks
Overall, the findings indicate that private-sector driven initiatives to promote smallholder mechanization in Africa have a considerable potential to increase farm incomes. In line with the literature -and contrary to concerns of the critics of such initiatives, smallholder mechanization will increase rather than reduce the demand for hired labor in situations where the expansion of the cultivated area is feasible. Still, in the long run, a stronger focus on using mechanization to increase land productivity rather than promoting land expansion may be required to ensure environmental sustainability. This goal requires complementary efforts, e.g., to increase the yield response to fertilizer use. It appears fair to suggest that other actors than agricultural machinery manufacturers, such as government extension services, need to play a role to reach this goal.
